INTRODUCTION
The considerable potential of microchip technology is evident from the diverse range of devices and emerging applications (1, 2) . A popular analytical format couples PCR with sample preparation or product detection (3) (4) (5) (6) (7) . PCR microchips have been primarily fabricated from glass or glass and silicon, although other materials such as polyimide (8) and polydimethylsiloxane (PDMS) (9, 10) have also proved suitable construction materials. However, surface adsorption and large surface area/volume ratio are two factors that complicate the design and construction of PCR microchips. Early work with silicon-glass microchips revealed the problems of adverse surface interactions and led to the development of passivation procedures to render the internal surfaces of microchips PCR friendly (11) . Passivation procedures can be classified into two different types: static passivation where the surface is treated before performing PCR (6, (11) (12) (13) (14) (15) (16) (17) (18) (19) and dynamic passivation where passivating agents are introduced into the reaction mixture (8, 13, 15, 16, 20, 21) . While most dynamic coating performed for PCR chips has involved bovine serum albumin (BSA) (15, 16, 21, 22) , dynamic coating using polymers polyethylene glycol 8000 (PEG 8000) and polyvinylpyrrolidone (PVP) has also been tested in glass and polyimide chips (8, 13) but not in silicon chips. Dynamic passivation using polymers is attractive because polymers are inexpensive, and the coating procedure adds no additional steps into either microchip fabrication or the overall assay procedure. Here we investigate dynamic surface passivation of silicon-glass microchips using various polymers previously shown to be effective with glass and polyimide chips (8, 13) . In addition, the effectiveness of combining dynamic and static passivation has been evaluated. Polymer concentration was 0.75% (w/v) (solid bars), except for poly(ethylene oxide), which was used at 0.15% (w/v) (gray bar).The product amount in the presence of polymers was normalized to that of the absence of polymer (100%). The relative amount on the y-axis represents the mean of the replicates, and the error bar shows the standard deviation. 1) were microfabricated at Cornell University Nanotechnology Center (Ithaca, NY, USA) using standard photolithographic procedures as previously described (11, 23) . Each PCR chip measures 14 × 17 mm, and all structures are etched into silicon to a depth of 100 µm. A 2000 Å thick layer of SiO 2 was deposited onto some of the chips to produce a PCR friendly passive surface layer using standard deposition techniques. A surface-polished Pyrex ® glass cover was then anodically bonded to the etched silicon with or without SiO 2 coating to produce the microreaction chamber for PCR (5, 11, 23) .
MATERIALS AND METHODS

Silicon
Isolation of Human Lymphocytes
Blood from healthy volunteers was drawn into tubes that were precoated with EDTA. Lymphocytes were isolated using Red Blood Cell Lysis Buffer purchased from Roche Applied Science (Indianapolis, IN, USA). The isolated lymphocytes were used immediately.
Polymers
The polymers tested in this study were from Sigma (St. Louis, MO, USA), unless otherwise indicated, and included PEG 8000 (Promega, Madison, WI, USA), PEG 3500, PVP-40, poly(ethylene oxide) (molecular weight: 1 million) (Aldrich, Milwaukee, WI, USA), polyvinyl alcohol type II, polidocanol, and Polypep ® (High viscosity).
PCR Using Human Genomic DNA as Template
PCR amplification using siliconglass chips was performed as previously described (5, 11, 23) , with minor modifications. Microfabricated siliconglass chips were filled with 10 µL PCR mixture containing 1.6 mM dNTP, 1.75 mM MgCl 2 , 0.5 U AmpliTaq Gold ® (Applied Biosystems, Foster City, CA, USA), 0.1 µM each primer, and 0.2 ng human genomic DNA (BD Biosciences Clontech, Palo Alto, CA, USA). Primers for human endothelial nitric oxide synthase (eNOS) generating a 379-bp PCR target were forward primer 5′-GTGATGGCGAAGCGAGTGAAG-3′ and reverse primer 5′-GACACCACGT-CATACTCATCC-3′. In some experiments, a final concentration of 0.75% PEG 8000, PVP-40, or polyvinyl alcohol type II was also added into the PCR mixture to test the effect of the PCR amplification of the dynamic coating in silicon-glass chips. The chip thermal cycler (custom-made; Custom Medical Research Equipment, Glendora, NJ, USA) holds two chips, thus allowing for the simultaneous comparison of two different tests. The reaction mixture was initially heated for 10 min at 95°, followed by 45 cycles of 94° for 1 min, 65° for 1 min, 72° for 1 min, and finally heated at 72°C for 5 min. All of the silicon-glass chip PCR amplifications were run in parallel in GeneAmp ® reaction tubes (Applied Biosystems) using a 
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conventional thermal cycler (24) . For experiments testing the inhibitory effects of polymers on PCR amplification, 0%-15% of the polymers described above were added into the PCR mixture and run in a conventional thermal cycler (GeneAmp 2400; Applied Biosystems).
PCR Amplification Directly From Human Lymphocytes
The human eNOS fragment was amplified in 10 µL silicon-glass chips from 250 cells/µL lymphocytes isolated from the whole blood of healthy donors. The primer sequence information and the thermal cycling conditions were as described above.
Capillary Electrophoresis
The amplified products were detected and quantified using a DNA 1000 or DNA 500 LabChip ® Kit (Caliper Technologies, Mountain View, CA, USA) and Agilent 2001 analyzer (Agilent Technologies, Palo Alto, CA, USA) (24) .
RESULTS AND DISCUSSION
In preparation for use in silicon-glass PCR chips (Figure 1) , the polymers chosen for the dynamic passivation study were prescreened in a GeneAmp reaction tube-based PCR amplification to eliminate any polymers that inhibited PCR. Seven polymers [PEG 8000, PEG 3500, PVP-40, poly(ethylene oxide) (molecular weight: 1 million), polyvinyl alcohol type II, polidocanol, and Polypep (high viscosity)] at a final concentration of 0.75% (w/v) in the PCR mixture [except for poly(ethylene oxide), which was used at a final concentration of 0.15% (w/v)] were screened, and the results are shown in Figure 2 . Only polidocanol showed an inhibitory effect (approximately 80%); the remaining six polymers had no significant effect on the efficiency of PCR. Among these noninhibitory polymers, PEG is well-known to reduce the adsorption of biomolecules to surfaces, and the effect is dependent on both the molecular weight and concentration of the polymer (25, 26) . We performed a dose response study of the inhibition of PEG 8000 (an intermediate molecular weight PEG) on PCR to determine the maximum noninhibitory PEG 8000 concentration for surface passivation. The inhibition was initially observed at a final concentration in the PCR mixture of 1.5% (w/v) and greater (data not shown), and approximately 50% inhibition was reached at 7.5% (w/v) (Figure 2, open bar) . A final concentration of 0.75% PEG in the PCR mixture was therefore chosen to test the dynamic surface passivation effect of this polymer on silicon-glass chips. As expected, no product was detected for PCR performed in native silicon-glass chips in the absence of polymer ( Figure 3A) . However, products were detected in PCR performed in native silicon-glass chips in the presence of 0.75% PEG 8000. These results indicated that dynamic passivation using PEG is effective and that the success of PCR using silicon-glass chips is dependent on surface passivation, which is in accordance with our previous findings (11, 23) . Furthermore, the addition of PVP at 0.75% provided a better surface passivation than PEG 8000 ( Figure 3A) .
We have previously developed a silicon-glass chip for integrated DNA amplification, in which the inner silicon surface of the chip is coated with a layer of SiO 2 (5, 11, 23) . To test the additive effect of thermal coating with SiO 2 and dynamic coating with polymers, we compared PCR in SiO 2 -coated siliconglass chips in the presence and absence of 0.75% PEG 8000 ( Figure 3B ) using human genomic DNA as template. The presence of PEG 8000 in the PCR mixture increased the efficiency of the amplification. A similar experiment using isolated human lymphocytes rather than genomic DNA revealed that the addition of 0.75% PEG 8000 to the PCR mixture significantly increased the efficiency of the amplification (data not shown).
In conclusion, we have shown that dynamic coating with polymers allowed PCR amplification to be performed using native silicon-glass chips and that the combination of dynamic coating with polymers and static coating with thermal oxide on the silicon surface enhanced the PCR amplification more than static coating alone. These results indicate that silicon surfaces can be effectively passivated using dynamic coating with polymers. Any inhibition due to the glass surface is also reduced in this process, in accordance with previous work on the use of polymers to passivate glass surfaces (13) . Therefore, dynamic coating with polymers potentially provides an easy and inexpensive approach for PCR using untreated silicon-glass chips. The chips used in this study had a surface area to volume ratio approximately 13-fold greater than a conventional MicroAmp ® reaction tube (Applied Biosystems). It is possible that smaller chips with higher surface area to volume ratios may behave differently and require the reoptimization of the passivation procedure.
